This study presents several aspects of the mutual interaction between lipids and proteins. Nutritional and technological implications of the reaction of oxidized lipids with proteins are discussed. Changes are highlighted in the content of amino acids and protein digestibility, formation of cross--links, fl avor compounds, as well as the formation of colored non-enzymatic browning products. Attention is paid to the agents which may determine the reaction of amino acids with the products of lipid oxidation, i.e. the presence of catalysts or inhibitors in the environment, the presence of water, pH of the environment, temperature or reaction time. It was also noted that the conformation of the protein structure, the surface charge, the affi nity, and the accessibility of reactive groups affect the intensity of these interactions. This review article presents methods which reduce oxidative rancidity due to the use of antioxidant compounds, particularly the possibility of the use of natural antioxidants that reduce the number of lipid and protein oxidation products, and are simultaneously able to model the nutritional value of food.
INTRODUCTION
Among a number of well-known food components essential for the proper development and functioning of an organism, proteins play an important role. One method to prevent losses and protect the rational use of proteins is to preserve high-protein foods. In most cases, these products also contain lipids or lipid-like substances. During the storage and processing of foods, lipids particularly those rich in polyunsaturated fatty acid residues are oxidized. Oxidation processes are major causes of deteriorating quality. They are responsible for the degradation of aroma, taste, texture and consistency, as well as decreases of nutritive value [Morrissey et al., 1998; Contini et al., 2014] . A deterioration of nutritive value may be a consequence of interactions between lipid oxidation products and protein [Viljanen et al., 2004] . Oxidation products of lipids easily interact with proteins forming lipid-protein complexes leading to the modifi cation of the protein in terms of chemical composition, structure, functionality and digestibility [Xiong, 2000; Soladoye et al., 2015] . Hydroperoxides, carbonylic derivatives and various other lipid oxidation products react with protein modifying their chemical, physical and technological properties. This applies in particular to meat and other animal raw materials, because they act as a source of balanced protein and vitamins, that is components determining their high nutritional value, which are simultaneously susceptible to oxidation [Hoffmann, 1993; Gray et al., 1996; Santé-Lhoutellier et al., 2008] .
The consequences of protein-lipid interactions can be considered in terms of the nutritional and technological value of proteins. The nutritional importance of the interaction of proteins with oxidized lipids generally refers to the reduction of the content or availability of essential amino acids and the reduction of a protein digestibility (loss of enzyme activity, protein cross-linking) [Morzel et al., 2006; Santé-Lhoutellier et al., 2008] . Protein-lipid interactions signifi cantly affect the functional properties of proteins, and thus the quality of the product, which usually deteriorates. The fragmentation of the molecule and the decreased number of polar groups occurring as a result of the oxidation, blocking or crosslinking of amino acids result in a changes in food texture, decrease in protein solubility (due to aggregation or complex formation), and color changes (browning reactions) [Ganhão et al., 2010a; Villaverde et al., 2014] .
Oxidative rancidity can be reduced by use of antioxidant compounds that reduce the number of lipid oxidation products, and are simultaneously able to model the nutritional value of food. Due to issues of health safety surrounding food and the growing popularity of food free from synthetic additives, new sources of natural compounds of antioxidant activity have long been sought, and numerous studies confi rm the high levels of effectiveness of some plant materials in the reduction of oxidative lipid rancidity. This group includes those plants which have long been used by humans due to their positive effect on the organism -e.g. tea, coffee, herbs and spice plants [Shahidi & Zhong, 2010] . The high content of active compounds in these raw materials enables them to become a source of effective and safe natural food additives and, therefore, it seems particularly important to search for appropriate forms of their application and an assessment of their effectiveness in differently processed meat products [Soladoye et al., 2015] . These additives, due to their long tradition of safe consumption and the content of antioxidative substances, are not only able to reduce the amount of lipid oxidation products, but indeed exhibit this activity in an organism and shape the nutritional value of meat products Hęś & Gramza-Michałowska, 2016] .
Due to the relatively small number of studies in the fi eld of lipid-protein complexes, it is important to determine to what extent the addition of antioxidants may lead to the blocking of the reactive sites of the polypeptide chain, reducing the process of oxidative metabolism and forming lipid oxidation products. Understanding the scale of the mutual interactions between proteins and lipids in the presence of antioxidants is becoming a necessity to improve the quality of processed foods and results from the growth of nutritional and health requirements being applied to processed products.
INTERACTION OF PROTEINS AND AMINO ACIDS WITH LIPID OXIDATION PRODUCTS IN MEAT PRODUCTS
Proteins are particularly prone to oxidation due to their large contact surface with the environment, their amphiphilic character and the presence of free amino acid residues [Hassan, 2012; Lund et al., 2011] . Park & Xiong [2007] reported that sensitivity of amino acids in muscle proteins to oxidative modifi cations depend on the reactive oxygen species origin. Sulfur-containing amino acids were the most sensitive, even to a slight oxidizing condition. Amino acids were also oxidized in the presence of highly concentrated prooxidants. These studies indicate three ways to generate radicals in muscle foods: iron/hydrogen peroxide-, lipoxydase-, and metmyoglobin-catalyzed. Protein reacts readily with both primary and secondary products of lipid oxidation and also non-lipid substances (e.g. polyphenols) which interact with the protein at all stages of oxidation [Veberg et al., 2006; Chelh et al., 2007] . Substances accidentally introduced during processing, e.g. metal ions or mineral impurities [Chelh et al., 2007] , the very substances that initiate lipid autoxidation, may also act as oxidants. The kinetics of protein-lipid interaction is determined by the presence of catalysts and inhibitors in the environment, pH and the presence of water. Protein tertiary structure conformation, surface charge, affi nity, and the availability of reactive groups are also of great importance [Hassan, 2012; Lund et al., 2011] . The intensity of these interactions is also affected by the reaction time and temperature. The reactions can be carried out at high speed at room temperature and even in the range of refrigeration and freezing temperatures [Veberg et al., 2006; Hęś et al., 2007; Santé-Lhoutellier et al., 2008] . In the case of preserves, protein oxidation can also initiate the breakdown of hemoglobin and myoglobin [Chelh et al., 2007; Lund et al., 2011] .
The range and intensity of protein-lipid interaction in these products increases signifi cantly, even during the addition of NaCl and thermal denaturation of the protein. Presumably, the fi rst step of complexation is protein denaturation under the infl uence of oxidized lipids through an attack on active centers in the protein molecule by fatty acid radicals and further formation of complexes.
Among the functional groups of oxidized lipids, the most reactive groups may be listed as: hydroperoxide and peroxide, aldehyde, hydroxyl, carboxyl, epoxy and ketoxy. These groups react with the free functional groups of proteins: amino, amido, thiol, sulfi de and disulfi de, hydroxyl, p-phenol, indole, in peptide bond (Table 1) [Pokorný & Kołakowska, 2003 ]. The reaction of hydroperoxides with proteins can be carried out even at room temperature, particularly in the presence of water. Among aldehydes, the highest reactivity is exhibited by aldehydes with lower molecular weights, and their molecular weight dependence against the reactivity towards proteins often exhibits linear correlations. A special reactivity is exhibited by dialdehydes, i.e. malondialdehyde. This reacts with proteins from both functional groups. Ketones formed as a result of autoxidation are less reactive towards proteins, and hydroxyacids bind to proteins during heat treatment and form stable brown condensation products. Ketone alcohols readily form stable simplexes, and epoxides can react with e.g. free carboxyl groups of glutamic and aspartic acid forming the protein [Davídek et al., 1983] .
The interaction of lipid oxidation products with proteins runs multidirectionally in terms of both chemical changes, to which protein is subjected, as well as the consequences of these changes. In general, chemical modifi cations of proteins can cause polymerization of molecules and a decrease in the content of amino acids as a result of oxidation, blocking, functional group transformations and the formation of additional crosslinks [Lund et al., 2011; Zhang et al., 2013] . The directions of these changes are quite conventional, since the oxidation reactions of amino acids may constitute the beginning of protein crosslinking, as well as a transformation of their functional groups. They occur as a result of two basic reactions: oxidation of free amino acid groups in the presence of hydroperoxides and nucleophilic addition in the presence of carbonyl compounds [Davídek et al., 1983] . The ability to initiate protein oxidation is exhibited by the free radicals of fatty acids and their hydroperoxides, which initiate auto-oxidation chain reactions in the product [Aalhus & Dugan, 2014; Saeed et al., 1999] . They detach hydrogen atoms from the surface of the protein, which leads to the formation of protein radicals. Protein radicals are also reactive; they can interact with fatty acid radicals, other protein radicals or initiate the formation of unoxidized molecule radicals (Figure 1 ). In reactions with primary products of lipid oxidation, the α carbon in the main chain and the free amino acid residues in the side chain, especially those with free -NH 2 , -OH, -SH groups and heterocyclic rings, are most commonly attacked [Pokorný & Davídek, 1979; Mercier et al., 2004] . The most labile amino acids are, therefore, those which contain a high number of the abovementioned groups, such as lysine, histidine, arginine, proline, tryptophan, tyrosine, cysteine and cystine, and methionine. As a result of these reactions, a series of products are formed, i.e. cysteic acid from cysteine, and kynurenine and N-formylkynurenine from tryptophan, and sulfoxide and sulfone from methionine Xiong, 2000; Xiong et al., 2010; Lund et al., 2011] . The sensitivity of methionine to oxidation is dependent on its location in the protein -greater resistance is exhibited by methionine grouped in hydrophobic form as compared to the free residues on the protein surface [Viljanen, 2005] . Hydroperoxides can react with the primary amine group of lysine and consequently the imino groups are formed, and then the lysine residues are converted into Schiff bases in the further reactions. Similar transformations are observed for lysine residues in reactions with secondary aldehyde products of lipid oxidation [Estévez, 2011; Zhang et al., 2013] . These modifi cations occur with the formation of both covalent ( Figure 2 ) and electrostatic bonds. There is also a possibility of the non-covalent binding of a number of hydrogen bonds. The number of the possible combinations of these interactions is very large. Secondary reactions occur mainly between aldehydes and the free -SH and -NH 2 groups in the side chains of the protein and result in blocking of amino acid residues. The most susceptible are cysteine and lysine. Even a small amount of aldehydes can bind ε-amino groups of lysine, which results in the formation of colorless pyrrole compounds with Schiff base properties [Veberg et al., 2006; Chelh et al., 2007] . Imines formed in the reactions of aldehydes with lysine residues can be, as a result of the cyclization reaction, converted into pyrimidine rings, which results in an increase in the hydrophobicity of the protein and an increase its susceptibility to crosslinking. Moreover, these bonds are formed with the contribution of other nucleophilic amino acid residues, e.g. sulfhydryl group of cysteine or imidazole group of histidine. As a result of the aldol condensation and pyrrole polymerization, brown-colored macromolecular compounds are formed. The formation of colored compounds is dependent on the presence of aldehydes and the availability of free amino groups in the side chains of the protein, and the color intensity is further increased with an increase in the unsaturation degree in the lipid fraction. Chemically, these products are complexes of Schiff bases and Michael adducts and exhibit properties similar to melanoids formed in the classic Maillard reaction [Adams et al., 2009; Estévez, 2011] . At the same time, the formation of chromophores with different structures may occur, that is molecules capable of fl uorescence emission, which may also have a brown color [Veberg et al., 2006; Chelh et al., 2007] . Chromophores are relatively stable and their fl uorescence intensity depends on the interaction intensity of compounds involved in the reaction -highly fl uorescent complexes form ε-amino groups of lysine as well as dityrosine with aldehydes [Chelh et al., 2007] . The selection of proper pH of the environment constitutes the basis for the limitation of nucleophilic addition reaction. Different pH conditions had an effect on amino acids losses. There is lack of data in the available literature on the reactivity of amino acids depending on the ion structure (zwitterion form and cation form). The addition encompasses a nucleophilic attack by the basic nitrogen compound (H 2 N-G) on the atom of carbon of the carbonyl group. Protonation of H 2 N-G leads to the formation of + H 3 N-G ion, which does not contain a free electron pair, and therefore is no longer a nucleophile. Therefore, higher acidity of the environment should not favor addition. However, a subject of protonation can also be the carbonyl group. Protonation of oxygen atom of this group makes the carbon atom more susceptible to the nucleophilic attack and thus, if we consider a carbonyl compound, higher acidity of the environment will favor the addition reaction. Therefore the conditions under which addition occurs the most slowly are the result of a compromise: the solution cannot be too acidic, to not provide too high an amount of protonic carbonyl compound, but it also cannot be too low in acidity for the free nitrogen compound concentration to be lowered [Morrison & Boyd, 1990 ].
The results of previous studies show that an important role in the environment of the reaction between proteins and lipids is played by the presence of transition metals . Copper and iron ions interact with proline, arginine and tryptophan residues. Cu 2+ cations have the ability to lower activation energy in the initiation stage of fatty acid oxidation through the direct transfer of free radicals on the tryptophan residues. A tryptophan radical (Trp • ) is formed and may react with oxygen, resulting in a tryptophan -oxygen (
• TrpO, TrpOO • ) radical. Tryptophan -peroxide radicals react with fatty acid molecules causing their oxidation and the production of tryptophan hydroperoxides, which decompose rapidly to kynurenine and N-formylkynurenine [Chowdhury et al., 1995] . Additionally, the indole ring of tryptophan is very sensitive to oxidative interactions and may be irreversibly converted to different products, among others oxindolealanine, which is decomposed to N-formylkynurenine. Conjugated tryptophan is more susceptible to oxidation than its non-conjugated form. During testing of model systems containing the addition of vitamin C and Fe 2+ ions, it has been found that residues undergo oxidation more rapidly at the N-terminus of tryptophan than at the C-terminus. The degree of tryptophan oxidation is also dependent on the presence of other amino acid residues in the environment. The oxidation of these amino acid residues by the attachment of Cu 2+ ions constitutes the fi rst step in the oxidation of proteins and occurs until the propagation stage of the reaction is started . The formation of additional bonds within the proteins as well as protein and lipid bonds leads to protein crosslinking, which results in a change in the conformation, chemical and technological properties of the protein. Most susceptible to the formation of these bonds are sulfur amino acids, serine, arginine, lysine, threonine and tyrosine, and these reactions occur most intensively in the presence of aldehydes, epoxides and peroxides (Table 2) [Pokorný & Davídek, 1979; Mercier et al., 2004] . In the case of sulfhydryl groups, the formation of disulfi de bridges (-SS-) is observed, and, from the two oxidized tyrosine residues, the formation of dityrosine is observed. Malonic aldehyde crosslinks ε-amino groups of lysine and the N-terminal end of aspartic acid residues. Another reactive compound formed as a secondary product of lipid autoxidation -glyoxal -similar to its homologs, forms in turn crosslinks with guanidyl groups of arginine residues [Viljanen, 2005] . Transfer of radicals by amino acid residues is another reaction, after oxidation, blocking and forming crosslinks, leading to a reduction of amino acid content in the protein. At the fi rst stage, a hydrogen atom (Figure 3) .
The importance of the changes resulting from the interaction of proteins with primary and secondary lipid oxidation products depends on the system in which these reactions occur. In meat products, interaction of proteins with hydroperoxides as well as with secondary oxidation products are of great importance, because they lead to a reduction in the nutritional value of meat proteins [Hęś et al., , 2012 . The total lipid content has a signifi cant impact on the oxidative damage to proteins occurring during frozen storage and subsequent processing of beef patties. Patties with higher fat content underwent the more intense protein oxidation as assessed by formation of protein carbonyls and Schiff bases structures, highlighting the timely interaction between proteins and oxidizing lipids [Utrera et al., 2014a] . Lipid and protein oxidation seemed not to be governed by similar mechanisms, lipid content and lipid source however had a signifi cant infl uence on both components oxidation in experimental fermented sausages. Fatty acid composition of the samples and the presence of antioxidants showed a signifi cant infl uence on the lipids oxidative stability, which was not found in the case of proteins. Considering the essential consequence of lipid and protein oxidation, the quantity and quality of the fat added to meat products should be considered to improve its sensory quality and nutritional value [Fuentes et al., 2014] . In model systems, such as muscle protein specimens or protein-stabilized emulsions, more attention is paid only to the presence of carbonyl derivatives, which arises from the interaction of proteins with secondary products of fatty acid oxidation. This results from the fact that they are easily measurable, allow an estimation of the range of protein-lipid interactions, and their presence is a consequence of the reaction of proteins with primary lipid oxidation products [Veberg et al., 2006; Chelh et al., 2007] .
THE CONSEQUENCES OF PROTEIN-LIPID INTERACTIONS
The nutritional value of proteins
The nutritional importance of protein interactions with oxidized lipids is generally limited to two phenomena: the reduction of the content or availability of exogenous amino acids and the reduction of protein susceptibility to proteolytic enzyme activity [Chelh et A high oxidation will induce modifi cations of the protein structure, thus cross-linking and massive aggregation as well as modifi cation of protease--active sites, all of which result in decreased proteolytic susceptibility and reduced digestibility of meat [Estévez, 2011] 
The technological value of proteins
Residues of protein-lipid interactions lead to a change in the surface charge of the protein, which in turn affects such properties as solubility, hydrophobicity, gelation or emulsifi cation ability. The crosslinked meat proteins exhibit lower water absorption, lesser sensitivity to proteolytic enzyme activity, which hampers the formation of the desired tenderness and appropriate rheological properties of the product The presence of the products of protein-lipid interaction may lead to a change in the fl avor profi le and color of the product. The appearance of compounds which deteriorate as well as improve the fl avor of the product is possible, giving respectively an undesirable, so-called secondary taste, or neutralizing the rancid odor of oxidized lipids, and/or inducing a new, desirable taste sensation [Chelh et al., 2007] . A particular impact on the changes of sensory properties is given by some condensation products of secondary oxidation products of lipids and proteins, especially macromolecular colored compounds, since they are characterized by properties similar to those of Maillard's reaction products [Chelh et al., 2007] . Both during long-term storage of food products rich in lipids and proteins and also during the processing of the products at elevated temperature (baking, frying), oxidized lipids form brown-colored lipid-protein complexes. This is particularly marked in light-colored products, such as poultry, fi sh fi llets, milk powder, full fat soybean, or freeze-dried meat [Pokorný et al., 1990] . On the surface of white poultry and fi sh stored in refrigerated conditions, dark spots may occur, which signifi cantly reduce the technological value of these materials. In the case of dried products, hydration ability is reduced.
Proteins, amino acids and compounds formed as a result of the interaction of lipid oxidation products with proteins exhibit antioxidant properties. Generally, it can be assumed that the same reactions, which in protein-lipid food products cause a reduction in the nutritional value or quality due to the modifi cation of the protein fraction, determine the protective effect of peptides on the lipid fraction in the protein-stabilized emulsion model systems and depending on the reference system, these changes are determined as either negative or positive. The antioxidant activity of proteins can be considered at three levels: the properties of proteins as polymers of amphiphilic structure, that is hydrophobic-hydrophilic, which determines, among other aspects, the surfactant activity of these compounds [Viljanen, 2005] ; antioxidant activity of individual amino acids [Saito et al., 2003; Platt & Gieseg, 2003; Levine et al., 1996] ; and the antioxidant nature of colored macromolecular compounds, which are products of non--enzymatic browning as a result of the interaction of oxidized lipids and proteins [Alaiz et al., 1996 . Macromolecular compounds formed as a result of condensation between secondary lipid oxidation products and proteins exhibit moderate antioxidant activity [Chelh et al., 2007] . These forms are known as Schiff bases, occurring as a result of the interaction of amino acids containing free amino groups (mostly Lys) with aldehydes in the same reactions where Maillard reaction products are formed. Pyrroles exhibit antioxidant activity dependent on the polarity of the environmental components. Essentially, these compounds result from the negative effects of oxidized lipids on proteins, which are degradation products of proteins, and they are able to reduce oxidative stress. This is possible through the competitive reaction with other nucleophilic compounds in the interaction with reactive oxygen species [Alaiz et al., 1996 
THE USE OF ANTIOXIDANT ADDITIVES IN REDUCING THE LOSS OF THE NUTRITIONAL VALUE OF MEAT PROTEINS
In meat and preserves, which constitute a source of protein of high biological value, protein-lipid interactions lead to extremely negative consequences. Due to the relatively high lipid content and thus lower oxidative stability, these interactions easily occur, and thus signifi cantly reduce the nutritional and technological value of these products Santé-Lhoutellier et al., 2008] . Attempts are being made to restrict lipid oxidation processes in food, among others through the use of antioxidants. Frequently published studies suggest the limitation of the use of synthetic antioxidants due to their potential toxicity and carcinogenicity [Bauer et al., 2001 ; Koltover, 2010; U.S. National Library of Medicine, 2010]. Also, consumer preferences indicate a greater interest in food products with the addition of compounds derived from natural sources [Karre et al., 2013] . The action of an antioxidant is the more effective, the sooner it begins to act in the system. Therefore, it is advisable to add antioxidants at the initial stages of food processing . The courses of antioxidant activity are varied and may be based on: inhibition of the autoxidation chain at any of these stages, i.e. initiation, propagation and termination, prevention of initiation by binding the substrate (ROS-the so--called reactive oxygen species) or neutralization of compounds accelerating the oxidation process (UV-Vis radiation, transition metal ions, lipoxygenase), free radical scavenging, decomposition of the reactive products of lipid oxidation (hydroperoxides and non-radical substances) or the formation of the protective layer on the surface of the interface in multiphase systems [Brewer, 2011] . Some plant extracts containing phenolic compounds were reported to inhibit both lipid oxidation and deterioration of nutritional quality of meat proteins Ganhão et al., 2010b] . Phenolic compounds were suggested to act against oxidation-induced damage of myofi brillar protein by two mechanisms: metal chelation (leading to inactivation of nonheme iron prooxidant effect) and radical scavenging (they could be scavengers of iron-and lipid-mediated reactive oxidant species) [Estévez et al., 2008] . A rich source of these substances are vegetables, fruits, seeds of various plants, some cereals, wine, tea, coffee, fruit juices and many spices [Shahidi & Zhong, 2010] . Numerous national and international studies show that no compounds have as yet been identifi ed which are more active than tocopherols or rosemary and sage, the safe use of which in food is also the least questioned [Cuvelier et al., 1996] . Main components of antioxidative properties in the case of rosemary and sage are carnosic acid and carnosol, while in the case of thyme it is p-cymeno-2,3-diol (Table 3) . Carnosic acid from rosemary protects against oxidation not only full value polyunsaturated fatty acids, but also α-tocopherol. The source of polyphenolic compounds are also tea leaves (Camelia sinensis). The most interesting group of tea polyphenols includes catechins and phenolic acids (Table 3) .
Rosemary, marjoram, thyme and garlic are also often used in different substrates of model systems and meat processing (Table 4) . These spices, due to their long tradition of safe consumption and the content of antioxidant substances in appropriate proportions for humans, may be useful in the prevention of degenerative diseases [Dauchet et al., 2009; Vainio & Weiderpass, 2006] . By reducing the amount of lipid oxidation products, they can also shape the nutritional value of meat products, e.g. reduce the loss of vitamin B1 or the nutritional value of proteins. During storage of meatballs from ground pork without the addition of antioxidants, a signifi cant decrease has been found in the availability of lysine and methionine and also protein digestibility in vitro. The addition of antioxidants signifi cantly decreased the quantitative loss of available lysine and methionine and inhibited the decrease in digestibility. The highest ability to reduce the nutritional value of the protein was demonstrated by BHT synthetic antioxidant and green tea extract (among natural additives) . During storage of experimentally-prepared raw sausages, a decrease has been found in the content of available lysine and methionine. The initial content of lysine in the raw sausages was 5.15-5.26 g per 100 g protein. The largest differences in the proportion of this component between the fi rst and the last day of storage have been observed for controlsabove 36%. Decreases in methionine content are distributed similarly. In a sample without the addition of antioxidant, the content of amino acid decreases by almost 37% as compared to the initial value. The addition of antioxidants significantly reduced quantitative losses of available lysine and methionine. Natural antioxidants exhibited a lower capacity to reduce losses of nutritive value of protein than it was found for BHT [Pyrcz et al., 2007] . The addition of ethanolic fl axseed extracts (EFEs) signifi cantly limited lipid oxidation in stored meatballs and burgers [Waszkowiak et al., 2014] . Moreover, the extracts reduced changes in thiamine and available lysine content, as well as protein digestibility, during storage time. The effect of EFE addition on available methionine retention was limited. In turn, the utilization of wheat fi ber as an iodine salt carrier had a signifi cant effect on the reduction of lysine losses. No protective properties were found for the wheat fi ber or soy protein isolate towards methionine [Hęś et al., 2012] . Litchi fl owers may be an effective natural antioxidant to reduce lipid and protein oxidation for frozen cooked meat products [Ding et al., 2015] . Ganhão et al. [2010b] reported that using extracts from dog roses, common hawthorns, elmleaf blackberries, and arbutus berries during processing and storage of burger patties resulted in the inhibition of muscle protein oxidation. The application of fruit extracts as antioxidant and functional ingredients may increase the nutritional quality of the meat products. came to the same conclusion when they studied the effects of the addition of a phenolicrich avocado extract on protein oxidation in porcine patties subjected to cooking and chilled storage. Hęś et al. [2011] determined the effect of added ethanolic extracts of thyme, green tea, and commercial extract of rosemary and BHT on the oxidation stability and the reduction of nutritional losses of lyophilized meat. None of the additives showed any protective activity as regards the exogenous amino acids. The highest loss of the available lysine was found in a sample with rosemary extract added; it amounted to nearly 51%. The highest decrease in the content of available methionine, amounting to about 41%, was reported in the samples with the thyme extract applied. The protective activity of anti-oxidants was found as regards the thiamine. In the samples with BHT and rosemary additives, signifi cantly lower losses of this vitamin were found compared to the control sample. Antioxidant effi ciency of the phenolic compounds in meat products depends on numerous factors, e.g. their structure, localization and interaction with meat proteins [Estevez & Heinonen, 2010; Lund et al., 2011] . Unfortunately, in the literature there is a lack of information on the effects of plant extracts on the oxidative stability of lipids in foods, including meat products. The activity of antioxidants may be infl uenced by technological processes, which food products are subjected to, including culinary processing. These processes may lead to increased antioxidant activity, and also to their destruction. Therefore, it is important to understand this impact, which will allow us to predict the real effectiveness of the antioxidant activity in the prepared food products. In meat products, both whole spices (additionally forming the fl avor characteristics of the product), multicomponent specimens obtained from sources rich in antioxidants, as well as from isolated, pure compounds are used. However, in physical terms, these specimens may be obtained as, inter alia, extracts and isolates in liquid, powdered, paste, dried products or microencapsulated specimens. A comparison of the antioxidant activity of some of the above-mentioned forms of additives has shown that the best properties are attributed to the extracts, then freeze-dried products, dried products obtained by desiccation in an oven and -fi nally -ground fresh spices [Henning et al., 2011; Raksakantong et al., 2011] . The use of antioxidants in the form of extracts and purifi ed extracts is expensive and requires a laboratory facility. On the other hand, a broad spectrum of plant material extraction methods allow the selection of appropriate methods taking into account the nature of the isolated chemical substances; thereby, it is possible to isolate the compound or a group of compounds in pure form. The loss of activity as a result of the production is small and the obtained extracts exhibit a high effi ciency of antioxidant activity, which does not change during storage. In addition, the products obtained in this way are standardized and are free from physical and microbiological impurities. A characteristic feature of antioxidants is that they act at low concentrations, usually 0.001-0.1%, while an overly high content of compounds susceptible for oxidation can exhibit prooxidative activity. Accordingly, the concentration of the additive of natural antioxidants is established at a low level, based on the following indicators: the content of the active compounds in the desired raw material, moderate activity of the extract tested in model systems or pilot experiments, the form of the plant material, the methods and parameters for obtaining an extract; the quantity (mass) and the size of the product and the resulting heat treatment parameters, taking into account the loss of antioxidants. Antioxidants do not exhibit the same activity in a variety of systems containing lipids. It has been found that polar antioxidants are more active in lipids in a mass state, while non-polar ones in emulsifi ed systems. The paradox of polarity is often explained by antioxidant properties at the interface and their affi nity to different phases [Cuvelier et al., 2000; Frankel et al., 1994] . Studies have shown that in multiphase systems the concentration of antioxidants in different regions depends on their polarity and solubility [Huang et al., 1996] . There are known synergistic and antagonistic interactions with certain compounds, which can be defi ned as "the effect of the mixture". The results of the studies conducted by Cuvelier et al. [1996] and Arts et al. [2002] confi rm that, in the determination of the properties of the extracts, one should not take into account interactions occurring within only the proportion of the phenolic compounds. Berry raw materials rich in phenolic compounds may provide antioxidant protection toward both lipid and protein oxidation resulting in a liposome model system. It was found that the antioxidant activity depends on the individual berry phenolic components profi le, including anthocyanins, ellagitannins, and proanthocyanins [Viljanen et al., 2004] .
Better understanding of these interactions will enable extracts with more effective antioxidant properties to be obtained. However, it should also be noted that there are few studies suggesting pro-oxidative properties of some polyphenols. Their activity depends on many factors, such as reduction potential, metal chelating ability, pH of the environment, solubility, bioavailability and stability in tissues and cells [Decker, 1997] . Similarly to the situation in food, oxidation reactions also occur in living organisms. For humans, oxidation is a metabolic process, which simultaneously leads to the inevitable formation of radicals which in further steps may initiate damage in cell membranes, modify functions of low density lipoprotein (LDL), change platelet function, and induce DNA mutations [Kanner, 2007] . Natural antioxidants may exhibit health benefi ts, acting as prophylactic agents. The above-mentioned effects can be achieved by reducing the amount of lipid oxidation products in food and transfer of the antioxidant activity to the human body [Duthie et al., 2013; Hooper & Cassidy, 2006] . Current dietary recommendations suggest increased intake of food of plant origin in the diet, resulting in an increase in the level of polyphenols and phytosterols in the blood, which can affect the biological properties of the cells [Martin et al., 2013] . Trials are still in progress in the search for new sources of these substances, the availability of which in everyday food could also affect the inhibition of negative processes in the human organism [Augustyniak et al., 2010] . Therefore, it seems appropriate to conduct research towards search for, and isolation, characterization and determination of biologically-active compounds of plant origin, which are harmless and non-toxic to humans, with high antioxidant activity when added to food. The possibility of the application of these compounds in food technology can thus contribute to the improvement of the quality and safety of food products and the production of a substantial group of functional foods with high oxidative stability and high nutritional value.
CONCLUSION
Lipid oxidation and subsequent protein-lipid interactions are the main cause of the quality deterioration of numerous products, including meat. These reactions occur with a high intensity, even in refrigeration and freezing temperature storage, and lead to a reduction in the nutritional value of meat products, and as a result, toxic and allergenic compounds may arise. Therefore, the priority is to maximize the reduction of the oxidative metabolism of lipids. The use of plant extracts as antioxidants in meat products is gaining popularity and is widely accepted by consumers, as food additives derived from natural raw materials are known to be safe.
In studies, in which the purpose of the use of natural antioxidants was examined, the additional effect of shaping the nutritional value of food has thus far been ignored.
Nutritional and health aspects shed new light on the purpose of the use of antioxidants in food technology and give rise to a broad-based introduction into nutritional practice of new foods rich or enriched in natural antioxidants. 
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